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PATENT 

REMARKS 

This communication is being filed in response to the Office Action dated Febraary 25, 
2004. Claims 1-24 are pending. 

The Examiner has withdrawn Claims 1-14 and 20-24 from further consideration as being 
drawn to non-elected inventions. 

Claims 15-19 are rejected under the first paragraph of 35 U.S.C. § 112 for lack of 
enablement. Claims 16 and 19 are amended herein as described above. AppUcants respectfully 
traverse the rejections of the aforementioned claims, as presently amended, for the reasons set 
forth below. 

L The Claims, as Presently Amended, are Enabled 

Claims 14-19 are rejected under the first paragraph of 35 U.S.C. §112 because, according 
to the Examiner, the specification does not enable any person skilled in the art to which the 
invention pertains, or with which it is most nearly connected, to make and use the invention 
commensurate with the scope of these claims. Specifically, the Examiner contends that the 
claims are broadly drawn to a method for stimulating pancreatic regeneration in a subject having 
a pancreatic disorder comprising administering bone marrow cells to said subject in an amoimt 
sufficient to result in the production of pancreatic cells. 

According to the Examiner, the sole purpose of the present invention is to attain a 
therapeutic effect. The Examiner contends that the demonstration, in the instant application, of 
the presence of DPPIV-positive cells in the pancreata of DPPIV-deficient rats after the 
intravenous injection of bone marrow cells fi-om DPPIV-positive donors is not sufficient for 
Applicants to conclude either 1) that the observed DPPIV-positive cells are capable of 

NY02:492244.1 Page 3 of 8 



A32212-PCT-USA (072396.00234) 

PATENT 

differentiating or proliferating into any pancreatic cell types in sufficient numbers to yield any 
therapeutic effects for a subject having a pancreatic disorder, or 2) that the observed DPPIV- 
positive cells are capable of resulting in the production of a sufficient number of pancreatic cells 
in any mysterious manner to yield the desired therapeutic effects in a subject having a pancreatic 
disorder. 

Applicants respectfully disagree. Applicants first note that the Examiner does concede 
that the instant application conclusively demonstrates that intravenous injection of bone marrow 
cells results in the presence of injected cells within the pancreas of the recipient. Applicants also 
note that the instant application teaches that bone marrow cells can be obtained by standard bone 
marrow aspiration techniques known in the art (p. 11, lines 3-4), and that bone marrow cells can 
be enriched for stem cells prior to administration to a recipient (p. 1 1, lines 11-12). Furthermore, 
Applicants' specification teaches that bone marrow cells can be stimulated, either in vitro prior to 
readministration or in vivo after readministration, to stimulate proliferation, differentiation, or 
gene expression in the bone marrow cells (p. 11, lines 20-22). Applicants assert that the details 
of these teachings are well known to those in the art of bone marrow isolation, enrichment and 
culturing. Moreover, Applicants teach that bone marrow cells of the instant invention (eg., those 
that have been isolated, enriched, and proliferated or differentiated in vitro or in vivo) may be 
used for the regeneration of tissues other than liver (p. 17, lines 16-17). Thus, Applicants 
conclude that one of ordinary skill in the art, supplemented by the teachings of the instant 
invention, would be able to isolate bone marrow cells and to introduce the bone marrow cells 
into recipients, and that these bone marrow cells could, according to the teachings of the instant 
invention, proliferate or differentiate in response to various environmental stimuli present either 
in vitro or in vivo. 
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It is not surprising, therefore, that Applicants, using the teachings of the instant invention 
and techniques well known to those of ordinary skill in the art of bone marrow isolation, 
enrichment, and culturing, and in the treatment of pancreatic deficiencies, were able to employ 
bone marrow cells to obtain pancreatic-like cells that, when implanted under the kidney capsule 
of chemically-induced diabetic mice, permitted complete normalization of blood glucose levels 
and long-term survival. See Oh S, Muzzonigro TM, Bae SH, LaPlante JM, Hatch HM, Petersen 
BE. Aduh bone marrow-derived cells trans-differentiating into insulin-producing cells for the 
treatment of type I diabetes. Lab Invest. 2004 May;84(5):607-617 (Exhibit A). These studies 
conclusively demonstrate that bone marrow cells can in fact serve as a source for the production 
of a sufficient number of pancreatic cells to exert a therapeutic effect in recipients into which the 
cells have been implanted. These studies suggest that similar exposure of the pancreatic DPPIV- 
positive cells of the instant invention to high glucose in vivo, e.g. in animals that were diabetic at 
the time of bone marrow cell infiision, would lead to a similar amount of proliferation and 
differentiation of the bone marrow cells as observed in vitro in the study of Oh et al Thus, 
Applicants assert that the teachings of the instant application are in fact enabling for a method for 
stimulating pancreatic regeneration in a subject having a pancreatic disorder comprising the 
administration of bone marrow cells to the subject in an amount sufficient to result in production 
of pancreatic cells (Claim 15). Applicants fiirther assert that the teachings are enabling for the 
introduction of these bone marrow cells by intravenous injection (Claim 16 as amended) or by 
transplantation into the pancreas, either without (Claim 17) or with (Claim 19 as amended) a 
support matrix. 

Regarding the Examiner's other points, Applicants agree that introduction of 
antigenically mismatched cells or tissues may sometimes be accompanied by strong adverse host 
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immune responses against the transplanted cells or tissues. However, Applicants contend that 
the scientific literature, at the time of filing of the instant application, was replete with examples 
demonstrating the efficacy of adjunct immunomodulatory treatments in reducing or abrogating 
these responses, thereby prolonging survival of the implanted cells. See e.g., Liu C, Deng S, 
Yang Z, Kucher T, Guo F, Gehnan A, Chen H, Naji A, Shaked A, Brayman KL. Local 
production of CTLA4-Ig by adenoviral-mediated gene transfer to the pancreas induces permanent 
allograft survival and donor-specific tolerance. Transplant Proc. 1999 Feb-Mar;31(l-2):625-6 
(Exhibit B); Namii Y, Hayashi S, Yokoyama I, Kobayashi T, Yasutomi M, Nagasaka T, Uchida 
K, Hamada H, Takagi H. Evidence that the adenoviral vector containing the CTLA4-Ig gene 
improves transgene expression and graft survival. Transplant Proc. 1997 May;29(3): 1738-9 
(Exhibit C). Applicants therefore assert that the artisan of ordinary skill, based on the teachings 
of the instant application combined with the knowledge provided by the prior art, would be able 
to practice the instant invention as claimed without undue experimentation. 

The Examiner also asserts that the specification is not enabling for introducing the bone 
marrow cells by any route of delivery. Applicants rely on the teachings of the prior art at the 
time of filing in support of the fact that engraftment of bone marrow cells into the pancreas could 
be achieved by several different routes, including but not limited to intravenous injection and 
direct intrapancreatic injection. However, in the interests of obtaining rapid allowance of claims, 
and not conceding the correctness of the Examiner's position that imdue experimentation would 
be required for the artisan of ordinary skill to practice the instant invention using various routes 
of administration of bone marrow cells. Applicants have amended Claim 16 to indicate that the 
bone marrow cells are injected intravenously. Applicants also have amended Claim 19 so that it 
depends from Claim 17 rather than Claim 15. 
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The final area of disagreement concerns Claim 18. The Examiner alleges that this claim 
is not enabled because, according to the Examiner, the attainment of any therapeutic effects via 
gene therapy (including in vivo and ex vivo gene therapy) in general remains impredictable as 
evidenced by the teachings of Dang et al and Romano et al Applicants respectfully submit that 
many examples of the successful application of gene transfer, either ex vivo or in vivo, could be 
found in the scientific literature at the time of filing of the instant application. See e.g., Liu C, 
Deng S, Yang Z, Kucher T, Guo F, Gelman A, Chen H, Naji A, Shaked A, Brayman KL. Local 
production of CTLA4-Ig by adenoviral-mediated gene transfer to the pancreas induces permanent 
allograft survival and donor-specific tolerance. Transplant Proc. 1999 Feb-Mar;31(l-2):625-6 
(Exhibit B); Namii Y, Hayashi S, Yokoyama I, Kobayashi T, Yasutomi M, Nagasaka T, Uchida 
K, Hamada H, Takagi H. Evidence that the adenoviral vector containing the CTLA4-Ig gene 
improves transgene expression and graft survival. Transplant Proc. 1997 May;29(3): 1738-9 
(Exhibit C). Thus, Applicants contend that Claim 18 is in fact enabled by the teachings of the 
instant application in combination with the knowledge provided by the prior art to the artisan of 
ordinary skill. 
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CONCLUSIONS 

In light of the amendments, Applicants submit that the present application is in condition 
for allowance of Claims 14-19. A Notice of Allowance is therefore respectfully requested. 

Applicant respectfully petitions for a two-month extension of time. A check in the 
amount of $210.00 is enclosed. Should any additional fees be required in connection with this 
filing, the Commissioner is hereby authorized to charge Deposit Account Number 02-4377. Two 
copies of this communication are enclosed. 



Respectfully submitted. 



BAKER BOTTS L.L.P. 

Rochelle K. Seide 

Patent Office Reg. No. 32,300 

Carmella L. Stephens 

Patent Office Reg. No. 41,328 

Attorneys for Applicant 

Randy C. Eisensmith 

Patent Office Reg. No. 55,146 

Agent for Applicant 

30 Rockefeller Plaza 
New York NY 10112-4498 
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Adult bone marrow-derived cells trans- 
differentiating Into insulin-producing cells for 
the treatment of type I diabetes 

Seh-Hoon Oh\ Toni M MuzzonigroS Si-Hyun Bae\ Jennifer M LaPlanteS Heather M 
Hatch^ and Bryon E Petersen^ 

^Department of Pathology, Immunology and Laboratory Medicine and ^Program in Stem Cell Biology and 
Regenerative Medicine, College of Medicine, University of Florida, Gainesville, FL, USA 



Recent findings suggest that bone marrow (BIVI) cells have the capacity to differentiate into a variety of cell 
types including endocrine cells of the pancreas. We report that BM derived cells, when cultured under defined 
conditions, were induced to trans-differentiate into insulin-producing cells. Furthermore, these insulin- 
producing cells formed aggregates that, upon transplantation Into mice, acquired architecture similar to islets 
of Langerhans. These aggregates showed endocrine gene expression for Insulin (I and II), glucagon, 
somatostatin and pancreatic polypeptide. Immunohistochemistry also confirmed that these aggregates were 
positive for Insulin, somatostatin, pancreatic polypeptide and C-peptide. Also, Western and ELISA analysis 
demonstrated expression of prolnsulin and/or secretion of active insulin upon glucose challenge. Subcapsular 
renal transplantation of these aggregates into hyperglycemic mice lowered circulating blood glucose levels and 
maintained comparatively normal glucose levels for up to 90 days post-transplantation. Graft removal resulted 
in rapid relapse and death in experimental animals. In addition, electron microscopy revealed these aggregates 
had acquired ultrastructure typically associated with mature beta (P) cells. These results demonstrate that adult 
BM cells are capable of trans-differentiating into a pancreatic lineage In vitro and may represent a pool of cells 
for the treatment of diabetes mellitus. 

Lat)oratory Investigation (2004) 84, 607-617, advance online publication, 22 March 2004; doi:10.1038/lablnvest.3700074 
Keywords: bone marrow ceil; C-peptide; diabetic therapy; insulin; trans-differentiation 



Stem cells are self-renewing elements that can 
generate many cell types in the body and are 
found in both adult and fetal tissue. Cell 
therapy using stem cells and their progeny is a 
promising approach that may be capable of addres- 
sing many unmet medical needs. ^ Recently, stem 
cell research has quickly progressed, allowing 
researchers to isolate and purify stem/progenitor 
cell populations from various tissues (ie hemato- 
poietic, vascular endothelial and neural stem cells, 
as well as hepatic oval cells). ^"^ Bone marrow (BM)- 
derived cells have been shown to differentiate into 



Correspondence: BE Petersen, Department of Pathology, PO Box 
100275, University of Florida, Gainesville, FL, 32610, USA. 
E-mail: petersen@pathology.ufl.edu 

SHO and BEP are inventor/coinventor of a patent(s) related to 
this technology and may benefit from royalties paid to the 
University of Florida related to its commercialization. 
Received 12 December 2003; revised 10 February 2004; accepted 
11 February 2004; published online 22 March 2004 



various lineages, such as hepatocytes, in vivo and in 
vitro.^"^ As stem cell research progresses, new 
methods for the therapy and treatment of diseases 
such as diabetes mellitus may be possible. In 
addition, stem cell research may advance our 
understanding of organ regeneration and the me- 
chanism(s) thereof. 

The pancreas is composed of two compartments, 
the exocrine and endocrine, which have very 
distinct functions. The endocrine compartment 
consists of islets of Langerhans, which are com- 
posed of clusters of four cell types that synthesize 
the peptide hormones: insulin (j?-cells), glucagon (a- 
cells), somatostatin (5-cells) and pancreatic poly- 
peptide (y-cells). These cells have been shown to 
differentiate from ductal epithelial stem cells 
through sequential differentiation during embryo- 
genesis.®"^° 

Type I diabetes results when the )?-cells of the 
pancreas are destroyed by T-cells of the immune 
system, which markedly reduce the number of 



Bone marrow cells for the treatment of diabetes 

S-H Oh el al 



jS-cells resulting in lower insulin production. 
The worldwide prevalence of Type I diabetes is 
rapidly increasing and considerable interest 
has developed in finding mechanisms that may 
increase active insulin secretion. Various endea- 
vors to solve this challenge have been made 
through stimulating the endogenous regenera- 
tion of islets and through transplantation of 
donor islets or in vitro-differentiated islet-like 
cells.^^-^^ 

Recent reports have described, a multipotent stem 
cell within the pancreas.^^ These cells have the 
capacity to differentiate into pancreatic islet-like 
structures in vitro. Furthermore, other cell types, 
such as hepatic oval cells and embryonic stem cells 
are also capable of differentiating into pancreatic 
endocrine hormone-producing cells both in vitro 
and in vivo.^^^^ 

Current research, attention has focused on the 
possible use of the controlled differentiation of 
stem cells to obtain specialized cells useful in 
treating many diseases. Here, we show that 
BM-derived cells can be efficiently induced to 
differentiate into insulin-producing cells, as well 
as other cell types, typical of endocrine pancreas. In 
addition, these cells self-assemble to form func- 
tional pancreatic islet-like structures. The insulin- 
producing cell clusters isolated from BM cells 
demonstrated reversal of hyperglycemia when im- 
planted into a chemically induced diabetic NOD/ 
scid mouse model. In addition, these cells acquire 
ultrastructural characteristics typical of a mature 
jS-cell phenotype. The data provided may allow for 
the treatment of diabetes via a stem cell therapy 
approach. 



Detection of Transcription Factors, Glut-2 and 
Pancreatic Endocrine mRNAs 

Total RNA was isolated from the adult rat pancreas 
and BM cells treated with 1% DMSO/DMEM low 
glucose medium (Day 3), DMEM high glucose 
medium with 10% FBS (days 7 and 10), or 
nonculture BM cells by the RNeasy kit (Qiagen, 
Valencia, CA, USA). A measure of 2 fig RNA was 
used for cDNA synthesis. RT-PCR was performed as 
previously described by Yang et a7.^^ The resulting 
products were amplified, electrophoresed in 1.5% 
agarose gels containing EtBr, and purified by gel 
elusion. These products were directly sequenced 
using an AmpliTaq cycle sequencing kit (Perkin- 
Elmer Setus, Branchburg, NJ, USA) for genetic 
confirmation. 



Analysis of Insulin Gene Expression by Northern Blot 

Total RNA was extracted from phosphate-buffered 
saline (PBS)-washed BM-derived cluster cultures, 
using RNA-Bee (Tel-Test, Inc. TX, USA) and pur- 
ified per the manufacturer's guidelines. RNA con- 
centration and purity were determined by routine 
spectrophotometry. Samples of RNA [25 fig/lane) 
were size fractionated on 1% agarose gels and 
transferred to nylon membranes (Amersham, Ar- 
lington Heights, IL, USA) by capillary action. After 
crosslinking under UV light, membranes were 
prehybridizated and then hybridized overnight with 
specific insulin cDNA that had been labeled with 
[a-^^P]dCTP using an Amersham random primer kit. 
Membrane was subsequently washed under high- 
stringency conditions and exposed to X-omat film 
(Kodak, NY, USA). 



Materials and methods 

BM Cell Culture 

All procedureis regarding animals were conducted 
according to institutionally approved protocols 
and guidelines. BM cells were collected from the 
long bones of F-344 rats (Harlan, Indianapolis, 
IN, USA). The BM cells were cultured in DMEM 
supplemented with 10% FBS. After 60min of 
incubation, nonadherent cells were collected 
and washed with fresh, serum-free DMEM medium. 
The cells were replated in serum-free DMEM 
medium at a cell density of 1 x 107cm^ in the 
presence of 1 % DMSO. The cells were then 
cultured in DMEM supplemented with 1% 
DMSO for 3 days followed by either high 
(25 mM) or low (5.5 mM) glucose DMEM media 
supplemented with 10% FBS for 7 additional days. 
They were plated in plastic six well plates on slide 
coverslips (22 x 22mm^) coated with 0.3% type I 
collagen, which was extracted from the rat-tail 
tendon by the method described by Michalopoulos 
and Pitot.'^ 



In Situ Hybridization (ISH) with Digoxigenin-Labeled 
DNA Probes (Boehringer Mannheim) 

Frozen sections of 6/im thickness were fixed for 
15 min in 4% paraformaldehyde. Rat insulin digoxi- 
genin-labeled DNA probe (Roche, Indianapolis, IN, 
USA) was denatured at 80°C for 5 min and applied 
to sections at 52°C. The sections were coverslipped 
and sealed with rubber cement for incubation 
overnight in a hydrated slide box at 52°C. The 
following day, the coverslips were carefully re- 
moved in preheated 2x SSC buffer, pH 7.0, at 65°C. 
The sections were gently washed twice in preheated 
50% formamide in 5x SSC buffer for 5 min each at 
room temperature and were then gently washed 
twice in preheated O.lx SSC buffer for 5 min each at 
65°C. Color development was performed at room 
temperature in buffer (Tris 100 mM, NaCl 100 mM 
and MgCla 50 mM, pH 9.5) containing NBT and BCIP 
(Roche). Sections were counterstained with nuclear 
fast red (Vector Laboratories, Burlingame, CA, USA) 
and mounted in Cytoseal (Richard-Allan Sci. Kala- 
mazoo, MI, USA). 
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Immunocytochemistry 

Immunoactivity was detected using the cytochem- 
ical method described by Oh et al7 Trans-differ- 
entiated BM-derived cells were grown on coated 
coverslips until spheroid colonies formed at ap- 
proximately 10 days of culture. Individual clusters 
were retrieved, frozen in OCT at — 70°C, cut into 
6 iim sections and placed on Superfrost Plus slides. 
Sections were then fixed in a 4% paraformaldehyde/ 
PBS solution at room temperature for 15min. The 
slides were further treated with a 5% skim milk in 
TBS-Ca blocking medium for 1 h. These slides were 
incubated overnight at 4°C with one of the follow- 
ing: anti-human Insulin (Dako, Carpinteria, CA, 
USA), anti-rat insulin (Santa Cruz Biotechnology, 
Inc., Santa Cruz, CA, USA), anti-human pancreatic 
polypeptide (Dako), anti-rat somatostatin (Santa 
Cruz), or anti-rat C-peptide (Linco Research Inc., St 
Charles, MI, USA) diluted at 1:100. Sections were 
washed vydth TBS-Ca, samples were incubated at 4°C 
for 3h with secondary antibody: anti-rabbit IgG 
Texas Red-conjugated, anti-guinea pig IgG Texas 
Red-conjugated, anti-rabbit IgG Fluoresceine (FITC) 
conjugated or anti-goat IgG FITC conjugated (Santa 
Cruz, CA, USA) at a 1:100 dilution with DAPI 
(Vecter Lab. Burlingame, CA, USA) for nuclear 
staining. The sections were then photographed 
using an Oljmipus microscope and Optronics Digital 
camera (Olympus, Melville, NY, USA) or a MRC 
1024 GS confocal microscope (Bio-Rad, Hercules, 
CA, USA). 

Measurement of Insulin Content and Secretion by 
Immunoprecipitation-Westem Blotting and ELISA 

BM cells were cultured in the presence of 1% DMSO 
for 3 days, and changed to DMEM with 4.5 g/1 
glucose and 10% FBS for 7 days. The mediiun was 
then changed to serum-free medium containing 
0.5% BSA and 5.5 mM glucose to enable the 
detection of insulin secretion without interference 
from the fetal serum. The cells were incubated in 
this condition for 5h at 37°C followed by washing 
twice with additional serum-free medium. High- 
glucose challenge of the cells was achieved by the 
addition of serum-free media containing 25 mM 
glucose for a 2h at 37°C. The conditioned media 
was collected and frozen at -20°C until assayed for 
insulin content. Intracellular insulin was detected 
by cell extraction with lysis buffer and a combina- 
tion of immimoprecipitation and Western blotting, 
as detailed by Yang et al}^ Specifically, the presence 
of insulin in the culture media and cells lysates was 
determined by inununoprecipitation with a rabbit 
polyclonal antiinsulin antibody (Santa Cruz Bio- 
technology) followed by separation of the precipi- 
tated material by SDS-PAGE on 18% gels, transfer to 
nylon membranes, and blotting with anti-insulin 
antibody. A measvire of 150 iig of cell lysate or 1 ml of 
culture media was subjected to immunoprecipita- 
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tion. Normal rabbit serum was used as primary 
antibody control and culture medium containing 
0.5% BSA was used as a control for secreted insulin 
measurements. Insulin protein was visualized by 
chemiluminescence. ELISA was performed on the 
conditioned media to determine insulin secretion 
using the 1-2-3 Ultra-Sensitive Rat Insulin ELISA kit 
following the manufacturer's instructions (ALPCO 
Diagnostics, Windham, NH, USA). 

Insulin-Producing Cell Transplantation and 
Physiological Tests 

Hyperglycemia was induced in 10- week-old male 
NOD/ scid mice (The Jackson Laboratory, Bar Harbor, 
ME, USA) through intraperitoneal injection of 
40 mg/kg of streptozotocin (STZ) once a day for five 
consecutive days as described by Yang et al}^ Blood 
glucose level was determined using a standard 
blood glucose meter (One touch profile, Johnson 
and Johnson Com., Milpitas, CA, USA). Stable 
hyperglycemia (blood glucose levels ranging be- 
tween 300 and 600mg/dl) developed 5-6 days 
following the last STZ injection. 

Under general anesthesia, mice received a renal 
subcapsular transplant of 150 insulin-producing 
clusters (n = 9), a sham tremsplant of saline solution 
(n = 10) or 10 million noncultured BM cells (n = 3) 
in the right subcapsular renal space. Blood glucose 
levels were monitored every 2 days after transplan- 
tation for 17 days. Grafts were then removed by 
imilateral nephrectomy to test for euglycemia 
reversal and glucose monitoring continued (n = 6). 

Immuno-gold Labeling and Electron Microscopy 

Insulin-producing cell clusters were fixed in 0.1% 
glutaraldehyde/2% formaldehyde in 0.1 M cacody- 
late buffer, transferred to 0.1 M cacodylate buffer, 
and embedded. Ultrathin sections were sequentially 
treated with 10% H2O2, washed with 0,9% NaCl, 
blocked with 3% BSA, incubated overnight with the 
primary antibody in PBS supplemented with 0.5% 
BSA (rabbit anti-rat insulin, 1:100, Santa Cruz), 
washed with PBS, and reblocked with goat servmi. 
Binding of the primary antibody was visualized 
with gold-labeled secondary antibody (15-nm gold 
particles, goat-anti-rabbit, Amersham Pharmacia, 
Piscataway, NJ, USA), followed by counterstaining 
of the sections for electron microscopy. 

Results 

BM-Derived Cells Trans-Differentiation into 
Endocrine Cells 

BM cells were plated on 0.3% rat tail collagen (RTC) 
coated coverslips contained within six-well cultiu-e 
dishes. BM cells were cultured with 1% dimethyl 
sulfoxide (DMSO) in serum-free DMEM for 3 days 
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and then maintained for an additional 7 days in a 
DMSO-free DMEM medium containing 10% FBS 
with either a low (5.5 mM) or high (25 mM) 
concentration of glucose. Cells cultured under 
high-glucose conditions began to form small spher- 
oid clusters at approximately day 7 (Figure la). 
Following day 10, under the same conditions, the 
number and dimension of these spheroid cell 
clusters were markedly increased (Figure lb and 
c). The three-dimensional cell growth morphology 
closely resembled islet-like clusters, as previously 
described by other investigators. ^^'^^-^^ The results of 
the experimental approach using either low- or 
high-glucose medium in inducing spheroid forma- 
tion are simmtiarized in Figure Id. The number of 
clusters formed in low-glucose culture conditions 
on a 22 X 22 mm^ coverslip was 17 + 11.3. However, 
under high-glucose condition the number of clusters 
obtained were 157 + 32.9 (Figure Id). Also, it should 
be noted that the cluster size under low-glucose 
conditions was considerably smaller as compared to 
that of high-glucose condition (data not shown). 
Based on the cultiu^e conditions and the harshness 
of the first 3 days, we looked at viability of the EM 



cells. At time zero, 2-h postculture the viability of 
these cells was at 95% by Trypan blue-exclusion 
technique. The cells at day 3 of cultiure (1% DMSO- 
serum free) revealed that the cells were 97.6% viable 
by Trypan blue-exclusion and propidium iodide (PI) 
FACS analysis. Lastly, we examined the clusters 
formed in culture (day 10) for cell viability. The 
clusters were disassociated and examined by Trypan 
blue-exclusion at PI FACS. The assays revealed very 
little cell death within the formed clusters with cell 
viability in the 99% range. Thus, the harshness of 
the culture conditions (3 days in serum-free 1%- 
DMSO media) did appear to select for a sub- 
population of BM cells, which, when switched to a 
high-glucose serum-supplemented media, were able 
to proliferate and form clusters. 



Gene Expression of Endocrine Cell Markers by the 
BM-Derived Clusters 

To determine whether the islet-like clusters appear- 
ing in the BM-derived cell cultures rriay have trans- 
differentiated into endocrine hormone-producing 
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Figure 1 BM cells differentiated into pancreatic-like cells via in vitro culture system, TYans-differentiation of BM cells under conditions, 
which induce an endocrine cell phenotype: BM cells cultured in the serum- free mediimi for 3 days in 1% DMSO then cultuired in the 
10% FBS and high glucose (25 mM) for an additional 4 days. Small clusters begin to form and continued to expand forming a tightly 
organized mass of cells (a). Multiple clusters can be seen in single fields (bj, and at higher magnifications they appear to have defined 
edges and structure (c). Low-glucose conditions produce 17.3 ± 11.3 clusters while high -glucose conditions for 10 days gave a mean value 
of 157.5 + 32.9 clusters (n = 8/22 x 22nun^ coverslips, three separate experiments) clusters (d). Original magnification for (a) and 
(c): X 40, with magnification for (b): x 20. 
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cells, the expression of endocrine cell genes was 
examined by RT-PCR. In order to ascertain whether 
pancreatic lineages are originally present in the 
bone marrow, we tested total RNA extracted from 
freshly isolated BM cells by RT-PCR for gene 
expression of pancreatic specific transcription fac- 
tors and the Glut-2 and endocrine genes. Transcrip- 
tion factors. Glut-2 and endocrine pancreatic 
mRNAs were not detected in the freshly isolated 
BM cells at day 0 (Figure 2a and b, DO). However, 
when BM cells were cultured with 1% DMSO for 3 
days, PDX-1, NKX2.2 and NKX6.1 messages were 
strongly expressed (Figure 2a, D3). Furthermore, the 
Glut-2 gene was not expressed in DO and D3, but the 
message was expressed following the change to 
high-glucose culture medium (Figinre 2a days 7 and 
10). Endocrine messages demonstrate that expres- 
sion of genes occurred in BM cell cultures treated 
with 1% DMSO. Insulin (I and II), glucagon, 
somatostatin and pancreatic polypeptide mRNAs 
were detected during the initial 3 days of culture 
(Figure 2b, D3). Further investigation of cultures in 
high-glucose DMEM with 10% FES also showed the 
expression of these mRNAs at days 7 and 10 (Figure 
2b). These PGR products were further analyzed by 
sequencing and compared to GenBank for confirma- 
tion (data not shown). 
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Figure 2 Pancreatic gene expression in noncultured and cultured 
BM derived cells. RT-PCR analysis for expression of transcription 
factors, Glut-2 (a) and pancreatic endocrine genes (b) in adult 
pancreas (control), noncultured BM-derived cells and cultured 
BM-derived cells. 





In addition, we also examined the mRNA expres- 
sion for insulin by Northern blot and in situ 
hybridization of BM-derived clusters. Figure 3a 
shows the presence of insulin mRNA in cultured 
BM-derived insulin-producing clusters and DsfS-l 
cells (positive control), but fresh BM cells did not 
express insulin message. Expression of the insulin 
gene was also examined by ISH of the BM-derived 
clusters. Figure 3b represents ISH for insulin on 
noncultured BM cells. As seen in the figure the 
noncultured BM cells are negative for insulin 
expression. While Figure 3c indicates the presence 
of the insulin expression in INS-1 cells (positive 
control). Figure 3d and e show the presence of 



Insnlin 



GAPDH 




Figure 3 Northern blot and ISH analyses of expression of insulin 
message in cultured BM cells, (a) Insulin mRNA levels in BM 
derived cells: Northern analysis for expression of insulin mRNA 
in normal liver (negative control), INS-1 cell (positive control), 
cultured BM derived cells and noncultured BM-derived cells, (b- 
e) ISH of insulin mRNA in whole BM cells (b; Negative control), 
INS-1 cell (c; Positive control) and frozen sections of clusters (d 
and e). ISH analysis at low and high magnifications (d and e). The 
cells are positive for insulin mRNA expression (blue) and counter 
stained with nuclear fast red. (b-d) photomicrographs were taken 
using X 60 and x 100 oil immersion objectives, respectively. 
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insulin mRNA in the cytoplasm of the BM-derived 
clusters using a DIG-labeled insulin-oligonucleotide 
probe. Insulin mRNA is clearly visible in a majority 
of the cells within the BM-derived clusters. These 
results indicate that BM-derived clusters may 
possess the potential to trans-differentiate into cells 
found within the islets of Langerhans. 



Protein Analysis of BM-Derived Insulin-Producing 
Cells 

To investigate the expression of pancreatic hor- 
mones, immunofluorescence analyses was per- 
formed for insulin, somatostatin and pancreatic 
polypeptide in BM-derived clusters. BM cells 
cultured with DMSO and under high-glucose con- 
dition were capable of cluster formation. The islets 
of Langerhans in normal pancreas were shown to 
strongly express insulin (Figure 4a). Furthermore, 
other cells foimd in islets of Langerhans express 
somatostatin (Figure 4b) and pancreatic polypeptide 
(Figure 4c). Figure 4d represents noncultiued BM 
stained for insulin, hi addition, immunofluores- 
cence was performed for somatostatin and pancrea- 
tic polypeptide revealing no positive staining (data 
not shown). However, the BM derived insulin- 
producing clusters did express these cytoplasmic 
proteins (Figure 4e-g). In these BM-derived cells, a 
higher number of insulin-positive cells were ob- 
served, corresponding to approximately 80% of the 
total cell population (Figure 4e). As expected, the 
number of insulin-positive cells observed was 
significantly higher than the number of cells 
expressing either somatostatin (Figure 4f) or pan- 
creatic polypeptide (Figure 4g). 

The trans-differentiated BM-derived cells, or in- 
sulin-producing clusters, synthesize and store de- 
tectable amounts of insulin during glucose 
challenge as determined by immunoprecipitation 
and Western blot analysis (Figure 5a). It was found 
that during glucose challenge, the cell lysate of 
the insulin-producing cell clusters contained 
proinsulin, while the media revealed the two-chain 
form of insulin. In addition to the Western analysis, 
we performed an ELISA assay to quantify the insulin 
being released into the media. In two separate 
experiments, BM-derived insulin-producing cell 
clusters (approx. 90 clusters per experiment) were 
challenged with 25mM glucose for 2h which 
resulted in secretion of roughly 186ng/ml of insulin 
into the media (Figure 5b). However, cells cultured 
in a low-glucose media (5.5 mM) as well as media 
alone, showed no insulin reactivity (Figure 5b). 

In addition, we also assessed the C-peptide 
expression of the BM-derived insulin producing 
clusters. Cells positive for C-peptide staining were 
seen throughout the clusters (Figure 6c-e). A 
comparison of the C-peptide staining pattern- of a 
positive control cell line, INS-1, which overex- 
presses insulin (Figure 6a and b), to our insulin- 




g 



Figure 4 Immunofluorescence reveals BM-derived cells differ- 
entiated into pancreatic-like in vitro. Immunohistochemistry for 
insulin (a; Texas red) and double staining of insulin (Texas Red] 
with somatostatin (b; FITC) or pancreatic polypeptide (c; FITC] on 
normal pancreas, and nonculture BM cells counterstained using 
DAPI (blue) for nuclear staining; no immunostaining is observed 
(d), Immimofluorescence staining for insulin (Texas Red) on 
whole mount in BM derived cells, day 10 and frozen section of 
isolated cluster at x 40: insulin immunoreactivity is present in 
the spheroid (e). Confocal photomicrographs of dual immuno- 
fluorescence for insulin (Texas Red) with somatostatin (FITC) or 
pancreatic polypeptide (FITC) on frozen sections of BM-derived 
cells, (f and g respectively). Original magnification is (b and d), 
X 40 and (c), x 20 objective. Photomicrographs for (f) and (g) 
were taken on MRC 1024 OS confocal microscope using a x 60 oil 
immersion objective (f), and a x 40 (g) objective. 



producing cells, showed a pattern of staining similar 
in nature. We also examined this immunohistostain- 
ning using deconvolution microscopy (Delta Vision, 
Applied Precision Inc. WA, USA) to pinpoint the C- 
peptide staining within the cj^oplasm of our 
insulin-producing cells (Figure 6e). These results 
suggest that BM-derived clusters may possess the 
function of insulin secretion during glucose chal- 
lenge, as well as displaying morphology similar to 
Langerhans islets. 
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Figure 5 Analysis of secretion of insulin following glucose 
challenge in BM derived clusters cultures, (a) Western-blot 
analysis of insulin secretions measured following collection of 
cell lysates and culture-conditioned media, (b) ELISA assay for 
insulin in conditioned media from BM-derived cells exposed to 
low- (5.5 mM) or high- (25 mM) glucose conditions for 2h. After 
exposure to high glucose both H9-2 (83 clusters) and H8-2 (94 
clusters) showed secretion of insulin into the media (177.8 and 
196.0 ng/ml, respectively). Whereas, the BM-derived cells ex- 
posed to low-glucose conditions and media alone showed no 
reactivity to insulin in the assay. 



Rescue and Survival of Chemically Induced Diabetic 
Mice Following Insulin-Producing Cell 
Transplantation 

Previous studies have shown that maturation to 
functional islet cells in vitro requires implantation 
into an in vivo environment.^^ The ability of insulin- 
producing cells to reverse hyperglycemia v^as 
examined in vivo using a STZ-induced diabetes 
NOD/ scid mouse model. Multiple treatments of STZ 
chemically induced a diabetic state in NOB/ scid 
mice. Nine diabetic mice received roughly 150 BM- 
derived insulin-producing clusters transplanted 
into the renal subcapsular space. The mice receiving 
the transplant began to normalize their blood 
glucose levels within 2-3 days (Figure 7). Approxi- 
mately 17 days post-transplantation, six of the nine 
mice underwent a nephrectomy to remove the graft. 
As seen in the graph, these animals became 
hyperglycemic and died ^ shortly thereafter. The 
animals that retained the transplanted insulin- 
producing clusters maintained fairly normal glucose 
levels for the remainder of the study. Our results 
suggest that the clusters hold the potential to mature 
into fully functioning-endocrine cells similar to the 
islets of the pancreas. Control animals that did not 
receive implants or received noncultured BM cells 



Figure 6 C-peptide analysis of BM-derived cells. Frozen sections 
of BM-derived cells were immunostained in order to determine 
the presence of processed proinsulin, which is C-peptide. INS-1 
cells (a and b, positive control), BM-derived cells (c, d and e) were 
inununostained for C-peptide. As seen in the high-magnification 
photomicrograph (d), the cells within the cluster show distinct 
staining similar to the INS-1 positive control cells (b). Deconvolu- 
tion microscopy was used to pinpoint the C-peptide staining 
within the cytoplasm of our insulin-producing cells (e). Original 
magnifications are as follows: (a) and (c): x 40 and (b) and (d): 
X 60, (e) X 100 oil immersion. 



exhibited persistent hyperglycemia followed by 
death. 

The kidneys that received transplants v^ere 
excised and further analyzed by conventional hema- 
toxylin/eosin staining, immunohistochemistry, 
and ISH for insulin expression (Figure 8). Histo- 
logy of the kidney capsules from animals 
that received a transplant of insulin-producing 
clusters was examined (Figure 8b). As seen in 
the photomicrograph the transplanted clusters 
v^ere able to engraft under the capsule. The 
transplanted clusters were positive for insulin 
by immunohistochemistry (Figure 8c), and 
insulin gene expression was confirmed by ISH 
(Figure 8d). Normal kidney tissue, which did 
not receive a cluster transplant did not hybridize 
with the insulin probe demonstrating the 
specificity of the probe for insulin mRNA (Figure 
8e). These results show that insulin-producing 
clusters retain their ability to secrete insulin in vivo 
and respond to the high-blood glucose levels in the 
diabetic mice. 
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Figure 7 Transplantation of insulin-producing cells into STZ- 
treated diabetic NOB/scid mice. To ascertain the functionality of 
these insulin-producing clusters and determine the changes of 
blood glucose levels over time, insulin-producing cells were 
transplanted into chemically induced diabetic mice. Shown in 
the graph are control STZ-treated mice transplanted with saline 
{n:=10) or noncultured BM-cells (ji = 3), and mice transplanted 
with approximately 150 BM-derived insulin-producing clusters 
(n - 9). In order to determine whether the transplanted clusters 
were responsible for the normalization of glucose levels, the 
insulin-producing cell transplanted mice were separated into two 
groups. One group was allowed to maintain the transplanted graft 
(non-nephrectomy: n = 3], while the second group of transplanted 
mice underwent a nephrectomy {graft/nephrectomy; n = 6). As 
seen in the graph, those mice that had the graft removed became 
hyperglycemic and eventually died (*; end point of death). 



Ultra-Structural Analysis of Insulin Producing Cell 
Clusters 

Ultra-structural analysis of the insulin-producing 
clusters was also performed. An electron-micro- 
graph of BM-derived trans-differentiated cells at a 
low magnification reveals structures typical of a 
secretory cell, including rough endoplasmic reticu- 
lum, Golgi complex, a few large vacuoles and 
secretory vesicles containing dense granules (Figure 
9a). In addition, microvilli are visible on their 
surface, which has been described as a characteristic 
of )?-cells.^° Also, many granules seen in the insulin- 
producing cell clusters exhibited a pale nature with 
crystalline-like features (Figure 9b). Lastly, immu- 
nogold electron microscopy revealed insulin within 
the small secretory vesicles of the insulin-producing 
clusters (Figure 9c-g). Gold-labeling detected faint 
globular structures of differing size filled with 
floccular, low-density material (Figure 9c) as well 
as granules with an electron-dense core at the apical 
pole of the cells (Figure 9d-g). The immunogold 
labehng of the insulin-producing clusters appears to 
resemble that of normal pancreatic ^-cell, as pre- 
viously described.2^ Figure 9h and i represents 
positive and negative controls for immnunogold 
labeling, respectively. Figure 9h shows INS-1 cells, 
which is an over expressing cell line, with several 
positive particles per secretory granule. The INS-1 
cells were presented only to validate the assay and 
not to correlate insulin-positive signal between the 
INS-1 cells and the BM-derived insulin-producing 
clusters. The size and location of the gold labeling of 




Figure 8 Analysis of graft following kidney excision via im- 
munohistochemistry and ISH for insulin expression. H and E 
staining of engrafted cells under the kidney capsule reveals that 
the cells have become cuboidal which is typical of the mature 
islet cell structiu-e seen in adult pancreas (b) and nontransplanted 
animal kidney (normal control, a). Insulin staining illustrates that 
most of the grafted cells are still positive (c). With ISH the grafted 
cells are positive for expression of the insulin mRNA (d). 
Nontransplanted kidney tissue as a negative control for ISH (e). 
(c) and (d) were prepared as serial sections of kidney tissue fi*om 
BM-derived insulin-producing clusters transplanted animals. The 
large arrows in (a), (b), (c) and (e) represent the kidney capsule, 
while the arrowheads indicated positive signals for insulin (d). 
Original magnification is x 60. 



the INS-1 cells closely resembles our insulin- 
producing clusters. Nonspecific labeling was absent 
in the nucleus and elsewhere throughout the cell 
(Figure 9i), The ultras tructural features typical of an 
adult jS-cell found within the insulin-producing 
clusters suggests these cells may have truly trans- 
differentiated during culture into p-like cells cap- 
able of producing insulin. 



Discussion 

The data presented demonstrates that adult BM cells 
appear to trans-differentiate into functional endo- 
crine cells, capable of producing and secreting 
insulin under high-glucose culture condition. When 
insulin-producing clusters are transplanted into 
STZ treated NOB/scid mice, blood glucose levels 
were normalized. Previously, several reports have 
demonstrated the presence of progenitor cells with- 
in pancreatic islets that are capable of differentiating 
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Figure 9 Electron microscopy and immunoelectron microscopy of BM-derived insulin-producing cell spheroids. Electron microscopy of 
day 10 insulin-producing cells characterizes their ultrastructure. Secretory granules are densely packed within the cytoplasm of the 
trans-differentiated cell. Along the cell membrane, microvilli can be seen (a). This has been reported to be another characteristic of 
mature ^-cells. At higher magnification, secretory granules are seen throughout the cytoplasm of the cell [b). The black arrow in (b) 
indicates crystalline formation within the granular cores. Continued characterization of the trans-differentiated cells through 
immunogold staining was performed. Postembedding immunogold staining for insulin is shown in (c-g), positive control for 
immunogold labeling (h) and negative control (i). The positive control is only a representative electron-photomicrograph for the 
irmnunogold assay and is not showing a correlation of insulin expression between INS-1 cells and the insulin-producing clusters. Black 
arrowheads shown in (i) indicate secretory granules illustrating no evidence of insulin expression by the immunogold staining. White 
arrows shown in (c-g) indicate immunogold particles concentrated in the secretory granules of the trans-differentiated cells. Scale bar, 
5 /im (a, h and i), 1 /mi (b and c) and 0.2 ^m (dHg)- nucleus; V, vacuole; G, granule; MV, microvilli. 



into insulin-producing cells.^^'^^ Other reports have 
stated that hepatic oval cells, embryonic stem cells 
and splenocyte are capable of differentiating into 
cells with a pancreatic endocrine phenotype.^®"^^'^^ 
The present report indicates an additional source 
of cells capable of differentiating into pancre- 
atic endocrine cells both phenotypically and 
functionally. 

Hematopoietic stem cells (HSC), are normally 
present in adult marrow and have been shown to 
differentiate into a variety of cell types, including 
bone, muscle, fat, cartilage, cardiomyocytes, astro- 



cytes and hepatic cells.^'^^'^® Recently, two reports 
have described the pluripotency of a mesenchymal 
cell also known as multipotent adult progenitor 
cells (MAPC]. When derived from adult BM, MAPCs 
can be kept in culture for an extended period of time 
and can also differentiate into both hepatic and 
neural lineages.^"-"^ Although HSCs and MAPCs 
can differentiate into several lineages, to date 
no pancreatic cells have been described. A recent 
paper by Lumelsky et aP'^ demonstrated that 
embryonic stem cells may possess the ability to 
become jS-like insulin-producing cells. However, 
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a paper published by Rajagopal et aP^ observed that 
these embryonic *^-like' cells did not produce 
insulin, but merely took up insulin from the media 
and subsequently appeared positive for insulin via 
immunohistochemistry. This finding suggested that 
several techniques over and above RT-PCR and 
immunohistochemistry would be necessary to con- 
firm true trans-differentiation of a cell into an 
insulin-secreting jS-cell. These suggestions includ- 
ing the use of both Northern and Western analyses, 
electron microscopy and long-term animal studies 
have become the nev^ criteria which investigators 
must now meet in order to claim that cells have 
trans-differentiated into functioning jS-cells. 

Our data demonstrate that adult bone marrow 
cells can trans-differentiate into functional endo- 
crine cells capable of the production and secretion 
of physiologically active insulin when cultured 
under DMSO and high-glucose conditions. The 
paradigm of BM cell 'trans-differentiation' into 
multiple cell lineages has been challenged by the 
observation of cell fusion in vitro of pluripotent cells 
with differentiated cells thus adapting a * differen- 
tiated* phenotype.^^'^^ More recently, two reports 
have shovm that the fusion phenomenon appears to 
play an important role in a certain t5^e of liver 
regeneration.^^'^^ These two reports indicate cell 
fusion as the major mechanism in the regeneration 
process of the Fah~^~ liver.^^*^^ However, lanus 
et aP"^ recently reported that BM cells could 
differentiate into jS-cells in vivo using an elegant 
Lox/Cre-GFP system demonstrating fusion was not a 
mechanism in ^-cell regeneration. These papers 
raise several questions as to the role that the type 
and model of injury may play in dictating the 
specific processes involved in regenerating the 
injured organ. 

In contrast to what has previously been reported, 
we have shown that the manipulation of BM cells 
toward being capable of secreting insulin may be 
accomplished with relative ease. The trans-differ- 
entiation method as presented, only requires 10 
days from BM-derived cells to insulin-producing 
clusters rather than months, thus providing an 
accessible cell source and a simple method for the 
cellular treatment of diabetes. In addition, our 
results illustrate that BM cells can trans-differentiate 
into a pancreatic lineage in vitro without fusion and 
can function as insulin producing cells both in vivo 
and in vitro. It may also be clinically relevant that 
these cells may not present themselves as fully 
mature jS-cells thereby evading the cycle of jS-cell 
destruction by the immune system. However, 
further characterization of these cells will be 
required to determine if this is indeed the case. 

In conclusion, our findings present an evidence 
that BM may include a pancreatic progenitor cell 
capable of differentiating into functioning endocrine 
hormone-producing cells. The differentiated cells 
possess storage granules and produce proinsulin 
which is cleaved into active insulin in response to 



glucose challenge. When transplanted into diabetic 
mice, the cells retain their properties of storage, 
processing and regulated secretion of insulin to 
normalize blood glucose levels. Despite our ability 
to induce the secretion of detectable levels of insulin 
in vitro in the presence of high glucose by BM- 
derived insulin-producing clusters, it will be essen- 
tial to understand what mechanisms are involved 
during the trans-differentiation process allowing 
BM cells to mature and differentiate into fully 
functional ^-like cells. Our results suggest that BM 
cells may provide researchers a powerful tool in the 
study of pancreatic islet development and function, 
as well as offering a new potential instrument for the 
treatment of diabetes. 
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Local Production of CTLA4-IG by Adenoviral-Mediated Gene Transfer 
to the Pancreas Induces Permanent Allograft Survival and 
Donor-Specific Tolerance 

C. Liu, S. Deng, Z. Yang. T. Kucher, F. Guo, A. Gelman, H. Chen, A. Naji, A. Shaked, and K,L Brayman 



P ANCRFAS transplantation is a very important thera- 
peutic alternative tor type I diabetic patients. Conven- 
tionally, systemic immunosuppression has been used to 
minimize rejection episodes associated with the procedure. 
However, complications such as infection and malignancy 
often occur as a result of systemic immunosuppression,' 
Direct expression of immunosuppressive products in the 
graft may locally inhibit immune responses and minimise 
systemic toxicity. CrLA4-Ig is a homolog of the CD 28 
antigen. Tt has been shown to inhibit T-cell activation by 
blocking the costimulatory pathway, and thereby prolong 
graft survival and produce donor-specific tolerance in some 
animal transplant models,^*^ For our study, we proposed 
that local immunosuppressive effects may be obtained by 
local release of CTLA4-Ig from pancreas grafts where the 
CnA4-rg gene was introduced by ex vivo adenoviral- 
mediated gene transfer. 

MATERIALS AND METHODS 

AdlacZ and AdCTLA4Ig were constructed by iusertiiig the genes 
of interest into rhc viral El region, rendering the adenovirus 
replicatiim deticient.^ Pancrcatitx>duodcTial grafts were procured 
and transfccted with AdlacZ or AdCTLA4Ig ex vivo via intra- 
arterial perfusion. Syngeneic AdlacZ-transfected grafts were har- 
vested at various time points after transplantation into streptozo- 
tocin (STZ)-induced diabetic recipients, and examined for X-gal 
staining. Recipients of .AdCTLA4Ig-transf*5Cled pancreatic alkv 
grafts were sacrificed at various time points between postoperative 
days 1 and 42. Transfccted grafts as well as several host organs, 
including liver, spleen, thymas, kidney, and heart, were analyzed 
for CTLA4-Ig expression by RT-PCR assay and for CrLA4-Jg 
immunosuppressive ability by morphologic staining. Animals with 
graft rejection were -sacrificed at the rime closest to th^s onset of 
rejection, tmtl the morphology e^Eamined. Simultaneous cotrans- 
plantation of different donor strain heart/AdCrtA4Ig-lTansfecied 
pancreas was also performed. 



RESULTS AND DISCUSSION 

X-gal staining of tissue sections of AdlacZ-transfected 
syngeneic pancreatic grafts and host organs demonstrated 
that the lacZ gene was successfully transferred into the 
graft, confirming previous observation that arterial perfu- 
sion is an efficient method for gene delivery to the pancre- 
as.^ LacZ expression was predominantly expressed in the 
graft, and persisted at a high level for a prolonged period 
(postoperative days 1 through 28). Some lacZ expression 
was detected in the host liver; however, this was at a 
signillcantly lower level and for shorter period (postopera- 
tive days 1 through 7) than in the allograft. Recipient 
hepatic lacZ expression was undetectable by postoperative 
day 14. Tn contrast, graft lacZ expression persisted for 6 
weeks. RT-PCR analysis of CTLA4-Ig expression in the 
AdCTLA4Ig-transfected grafts and several host organs 
revealed similar results to that of lacZ expression. 

Transplantation of control Lewis (imtreated, n = 6) or 
AdlacZ-transfected Lewis pancreatic grafts (n = 4) into an 
MHC'incompatibte recipient strain (Wistar Furth) gave a 
mean survival time (M^) of 1.7 days, while AdCrLA4Ig- 
transfected pancreatic allografts (n = 6) survival was pro- 
longed indefinitely (>180 days). Subsequent donor-strain 
specific (Lewis) heart transplantation (n = 3) did not 
induce rejection and these hearts were accepted indefi- 
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Table 1. Simultaneous Cotransplantation of AdCTUU-|g Transfccted Pancreatic Allografts and Naive Cardiac Allografts Into Wl&tar 

Furth Diabetic Recipients 



Donor Group 


Recipient Group 


n 


P Sunrtva! Days 


Ht Survival Days 


HMST 


P (Lew) + Ht{ACI) 


WF 


5 


>100X5 


7. 7, 8, 9»9 


8 


P (ACj) + Ht{Lew) 


WF 


3 


>100X3 


21,23. 25 


23 



Abbreviations: P, pancreatic aliogratt group; Ht, naJve cardiac allograft group. 
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nitcly, while third party cardiac allografts (ACI, n = 6) were 
rejected. 

Cotranspiantation of AdCrLA4Ig-transfectcd pancreatic 
graft (P) Had naive cardiac grafts (lit) was performed to 
determine the local versus systemic effect of the locally 
delivered CTLA4-Ig. As shown in Table 1, AdCTLA4Ig- 
transfected pancreatic grafts survived indefinitely while the 
naive third-party cardiac allografts were rejected. 

CONCLUSION 

Ex vivo arterial perfusion of adenoviral vectors into the 
pancreas can lead to successful viral infection and localized 
gene transfer. AdCrLA4Ig-transfection of pancreas trans- 
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plants results in indefinite survival of the allograft, and 
induces donor-specific tolerance in the transplant recipient. 
Cotranspiantation experiments confirm the local immuno- 
suppressive effect of the transferred CTLA4-Ig gene, and its 
ability to produce long-term graft survival and donor- 
specific tolerance in the rat pancreas transplantation model 
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Evidence That the Adenoviral Vector Containing the CTLA4-ig Gene 
Improves Transgene Expression and Graft Survival 

Y. Namii, S. Hayashi, I. Yokoyama, T. Kobayashi, M. Yasutomi» T. Nagasaka» K. Uchida, H. Hamada, 
and H. Takagi 



REJECTION of organ allografts is dependent an T cell 
activation, which requires T-cell recepter engage- 
ment by antigen and cosiimulaior>' signals delivered by 
T-cell surtace molecules such as CD28. CTLA4-lg is a 
recombinant fusion protein that contains the extracellular 
domain of human CTLA4 (a honiologue of CD28) fused to 
a human IgG, heavy chain. It has previously been shown to 
block the CD28-mediatcd costimulatory signal and to in- 
hibit immune responses in vitro and in vivo/*^ 

Recently, the replication-defective adenovirus vector has 
been shown to be efficient in transferring exogenous genes 
into a variety of cells both in vitro and in vivo.-^ In this study, 
we examined the ability of adenovinis vector containing 
CTLA4-Tg (Adcx,'CTLA4-Jg) to modify the rejection pro- 
cess observed in AC! to LEW rats liver transplantation. 

MATERIALS AND METHODS 
Animals 

Inhrcd male LEW(RTl') and AO (RT1°) rats, weighing 220 to 
MW^ were uswl as transplant reLipienls and dtmors, respeclively. 
The animals were maintained under stajidard conditions and were 
fed water and rodent chow ad libitum. 

Liver Transplantation 

Orthotopic Hvcr transplantation (OI.T) was performed under clhcr 
anesthesia asJng the twtvcuff technique as descrihed l>y Kamada 
and Caiae."" 

Adenovirus Vector 

Hie replication-defective recombinant adenovirus encoding the 
Escherichia coU l^acZ gene, capable of producing the enzyme 
/^-galacLOsidase was used as control vector (Adex/I^cZ). The 
recombinant adenovirus (Adeic/iiCTLA4-Ig) containing the expres- 
sion cassette for die human CTLA4-lg cDNA was constructed by 
homologous recombination bcr^'ccn the expression cosmid cas- 
sette (pAdex/CAhCTLA4-Ig) and the parental vitas genome. The 
method of generating recombinant adenovirus w^is a modification 
described by Sairo ct aJ.'* Tlic recombinant viruses were subse- 
quently propagated with 293 cells and viral solution was stored at 

-fifrc 

Experimental Group and Vector Transfectioo 

Donor AC! rats were administered via the penile vein with a 
volume ot l x ll)'* plaque-l'orming units of recombinant adenovirus 
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containing LiicZgene (group 1; n - 5} ov CTIA4-Ty gene (group 
2\ n — 5). Seven days after infection, genetically modified livers 
were hai'vcsted and transplanted into LHW rats. Both groups of 
ruL'ipients were not given any other inimunosuppressive agents. 
Tliere was no significant difference in the length of preservation 
and poriaJ vein occulusion time between the groups. 

RESULTS 

In the ACT-to-LEW liver grafting combination (group 2) in 
whon\ donor livers were transduced by Adex/CrLA4-Ig 
significantly prolonged graft survival (14<, 20<, 21<» 55 » 
61 < d) was shown than in the control group (all rejected 
within 13 days). Microscopic findings \i\ the transplanted 
liver on day 9 in group 1 revealed marked infiltration of 
mononuclear cells in the portal tracts whereas this was less 
remarkable in group 2. 

DISCUSSION 

In this experimental model of liver transplantation, genetic 
modification of the donor liver by Adex/CrLA4-lg resulted 
in a statistically significant prolongation of graft survival. 
The different pattern of elTecliveness may be related to the 
intensity of transduction, which indicates that insufficient 
transgene expression may have caused the loss of tolerance. 
Because of this, our method of administration via the penile 
vein of donor is juMtificd. Many preliminary studies in rats 
and mice have shown that administration of adenoviral 
vectors via a peripheral vein results in more efficient 
transduction of hepatocytes as compared with other organs 
in 1.0- to 100-fold less amount of vector per cell, Moreover, 
the donor livers can be transduced with ease during the 
harvesting or preservation phases of sufgcr>'.^ 

In conclusion, our methods of adenovirus-mediated gene 
transfer to donor liver is feasible, because it modulates local 
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